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We consider the torsional completion of gravity with spinor and scalar fields: we show how in this
environment conditions of extreme symmetry or specific approximations imply the scalar field to be
constant, so that slow-roll takes place and inflation occurs.
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I. INTRODUCTION
In cosmology, inflation still lacks a clear understanding.
First proposed by Alan Guth as an encompassing solu-
tions for a few problems appearing in early stages of the
universal evolution [1], inflation is nowadays accepted as
a standard element although a mechanism capable of en-
gaging it is yet to be known: one of the most popular of
the issues is to have inflation prompted by the presence
of a scalar field rolling down a potential hill under the
condition that this downward roll occurs very slowly [2].
Slow-roll conditions are met when the scalar potential
is nearly flat: the potential flatness is a very specific re-
quirement and therefore insisting on such flatness seems
an assumption too artificial to be left without further jus-
tification. So far, no such justification has been provided.
But so far, these models of inflation driven by a scalar
field have been developed in Einstein gravity, neglecting
torsion; if torsion is not neglected, a full theory of torsion-
gravity can be employed to give to the scalar field a richer
coupling, so that the new interactions might provide the
conditions for the slow-roll, and ultimately leading to a
conceptually simple understanding of inflation dynamics.
In this paper, we will investigate such opportunity.
II. PROPAGATING TORSION IN GRAVITY
FOR SPINORS AND SCALARS
We will follow the basic definitions of [3–10], and here
we recall the fundamental notations: in all what follows
we require the connection Γασν to have a unique symmet-
ric part and so the torsion Γα[σν] = Q
α
σν is a completely
antisymmetric dual Qασνε
ασνρ =W ρ of an axial vector
for which ∇[αWν]=∂[αWν]=(∂W )αν is defined for later
employment [3–10]; tensor Rναµσ is the Riemann curva-
ture tensor with contractions Rνανσ and R
ν
ανσg
ασ being
the Ricci curvature tensor and scalar. And φ is a generic
scalar field which can be interpreted as the Higgs field.
To give the dynamics we assign the Lagrangian [11]
L =R+2Λ+ 14 (∂W )
2− 12M
2W 2− 12 |∇φ|
2 +
+ 12Ξ
2φ2W 2+ 14λ
2φ4+Lmatter (1)
with Λ, M , Ξ and λ being the cosmological constant,
the mass of torsion, the torsion coupling to the scalar
and the scalar self-coupling, leaving Lmatter as the La-
grangian accounting for all the gauge fields and spinorial
matter collectively: by varying (1) we obtain, in order,
the gravitational field equations as given by the following
Rρσ− 12Rg
ρσ−Λgρσ= 12 [M
2(W ρW σ− 12W
2gρσ) +
+ 14 (∂W )
2gρσ−(∂W )σα(∂W )ρα +
+ 14λ
2φ4gρσ+Ξ2φ2(12W
2gρσ−W ρW σ) +
+∇ρφ†∇σφ− 12g
ρσ|∇φ|2+T ρσ] (2)
whose contracted form
2(R+4Λ)=M2W 2−λ2φ4−Ξ2φ2W 2+|∇φ|2−T (3)
can be used to write (2) as
Rρσ+Λgρσ= 12 [M
2W ρW σ +
+ 14 (∂W )
2gρσ−(∂W )σα(∂W )ρα−Ξ
2φ2W ρW σ −
− 14λ
2φ4gρσ+∇ρφ†∇σφ+(T ρσ− 12Tg
ρσ)] (4)
plus the torsion field equations
∇α(∂W )
αν+M2W ν−Ξ2φ2W ν=Sν (5)
with M2∇νW
ν−Ξ2φ2∇νW
ν−Ξ2W ν∇νφ
2 =∇νS
ν and
plus the scalar field equations given according to the form
∇2φ+λ2φ2φ+Ξ2W 2φ=J (6)
in which T ρσ and Sν with J are the sources due to the
matter fields, and whose field equations are not shown.
III. HOMOGENEOUS-ISOTROPIC UNIVERSE
We study what happens in the case of homogeneous
and isotropic spacetimes, with identically vanishing spa-
tial curvature: when coordinates (t, r, θ, ϕ) are used the
metric is given in terms of only one function of the cos-
mological time A(t) written according to the following
gϕϕ=gθθ(sin θ)
2=grrr
2(sin θ)2=−A2r2(sin θ)2
gtt=1 (7)
with all other components equal to zero while the torsion
axial vector has the temporal componentW t with all the
others vanishing, and the scalar has no restriction apart
from having only the cosmological time dependence.
The effects of homogeneity and isotropy on the evolu-
tion of the fields has quite an impact when we consider
that as W 2=W tW tgtt= |W
t|2 and since scalars depend
only on the cosmological time then alsoW t must depend
only on the cosmological time, with the consequence that
we can deduce also ∂W ≡0 and therefore (5) reduce to
M2W ν−Ξ2φ2W ν=Sν (8)
identically; another consequence of isotropy is that the
axial-vector source disappears, leaving
(M2−Ξ2φ2)W ν=0 (9)
as one can easily see. This provides two scenarios: a first
is thatW ν=0 giving the known case in which the torsion
field vanishes; another is thatM2=Ξ2φ2 therefore giving
rise to a constant scalar. The last condition substituted
into the remaining field equations (4, 6) eventually yields
Rρσ=−Λgρσ− 12
∣
∣
∣λ2
M2
Ξ2
∣
∣
∣
2
gρσ+ 12 (T
ρσ− 12Tg
ρσ) (10)
and
(λ2M2+Ξ4|W t|2)M=JΞ3 (11)
as a constraint fixing the value of torsion in terms of that
of the scalar source: notice that in the gravitational field
equations an effective cosmological constant term
Λeffective=Λ+
1
2
∣
∣∣λ2
∣∣M
Ξ
∣∣2
∣
∣∣
2
(12)
is generated. Notice that it is positive and it can be large
if the ration given by M/Ξ is large as we may have in the
case the torsion-scalar coupling constant were small.
By computing the energy tensor for the scalar field in
the pair of cases W ν = 0 and M2 = Ξ2φ2 we see that
the former would consist in the potential energy plus the
kinetic energy while the latter would consist only in the
potential energy, and since the kinetic energy is always
positive, the latter condition is energetically favoured.
The latter condition is not only an additional possibil-
ity, but also the case the scalar would tend to favour thus
showing how a slow-roll could be therefore justified.
IV. EFFECTIVE APPROXIMATION
In what we have done thus far, the condition of perfect
homogeneity and isotropy have been essential; but on the
other hand, although conditions of perfect symmetry may
be reasonable in the early universe, nevertheless this may
not be the case in general and it would be preferable to
have a way to engage the above mechanism in conditions
of less symmetry: this is addressed by acknowledging that
to engage such a mechanism in the most general case that
is possible, we must first remove axial-vector spin sources
and then find the most general symmetry for which the
kinetic torsion term in field equations (5) disappears.
For the first task we may notice that although the lack
of isotropy may allow the spin of the single spinor to be
different from zero, nevertheless we would still have at a
local level that the orientations of the spin of all spinors
would average away so that the axial-vector source would
still disappear; for the second task we have to see under
what conditions on the metric is the relationship
∂α(
√
|g|gαρgνµ∂[ρWµ])=0 (13)
valid for any torsion, and because this amounts to look
for 4 constraints over a field with 10 degrees of freedom
then we have that in general a solution is possible.
However, there is also the possibility to approach the
problem from an entirely complementary perspective, by
noticing that although in this model torsion is in general
a propagating field, its mass might be large enough as to
allow effective approximations giving rise to
(M2−Ξ2φ2)W ν≈0 (14)
already in early stages of universal evolution, and regard-
less any condition of whatsoever symmetry for the metric.
Even more importantly, the energy of the scalar would
be left unchanged and therefore the condition providing
a constant scalar field would remain the most favourable.
Therefore slow-roll would even be better justified.
V. COMMENTS
In order to conclude the discussion, it is necessary to
comment about the eventuality that inflation may last
forever, specifying that this is not the case in the present
model; to convince oneself of this, it is enough to con-
sider the scalar field equation in the form of the constraint
given by the expression (11): after inflation has stretched
the universe, larger volumes imply smaller material den-
sities with the consequence that the scalar source J would
vanish and thus (11) would no longer possess a solution.
The scalar field equation with a scalar source ensures
that there be some lower limit in the matter density and
therefore an upper limit of the volume of the universe un-
dergoing inflation; when this limit is reached, a different
dynamical behaviour of the universal evolution occurs.
Physically, we may see this limit as the scale at which
the energetically favourable solution would become that
of vanishing torsion and no longer that of constant scalar
field, the discussed mechanism would no longer work and
the inflation as due to this model would stop.
VI. CONCLUSION
In this paper, we showed that if propagating torsion
in gravity is coupled to spinor and scalar fields it gives
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rise to the possibility that homogeneity and isotropy im-
ply a constant scalar field, justifying the slow-roll mech-
anism leading to inflation in what we believe to be one of
the simplest ways; this mechanism recalls that of super-
cooling, where liquids can be brought below their freez-
ing temperature without actually freezing so long as their
purity ensures a symmetry in the density distribution.
We have also discussed that despite being propagating
torsion has a mass term, and if large enough this might
provide the conditions of effective approximations which
would allow, even with no global symmetries, to neglect
the kinetic torsion term, so to give a constant scalar field,
then an exponential expansion, and so inflation; in fact,
this situation would be even more physical because in it
inflation would not always be present, and only when the
ratio between temperature and torsion mass allows the
effective approximation inflation would engage.
Opportunity for future work may be sought in render-
ing this mechanism more detailed, by specifying the exact
dynamics of the matter distributions.
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